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The global effort to address climate change will require a fundamental transformation of our economies and of the ways in which we use energy. Addressing climate change requires the internalisation of carbon costs, which will have significant effects on what we produce, where we produce, what we trade and how we trade. For international co-operation on climate change to be effective, international regulatory frameworks need to support this effort.
The current phase of negotiations under the UN Framework Convention on Climate Change (UNFCCC) is set to lay the groundwork for the necessary policy reforms, and will require concerted and cooperative efforts by individual countries, the business sector and civil society. Innovation -with regard to both the technologies of the future and the regulatory frameworks used to usher them in at the scale needed -will be key to the successful implementation of the Convention. In this context, both the global trade regime through the World Trade Organization (WTO) and regional trading arrangements may need to be moulded and reformed to support action on climate change.
Addressing climate change and energy security requires massive and rapid deployment of more efficient, cleaner technologies that promote clean growth and economic gain. Carefully crafted trade policies could contribute to a rapid diffusion and transfer of clean technologies around the world and provide new incentives for innovation and investment in climate-friendly technologies.
In this regard, ICTSD'S Global Platform on Climate Change, Trade, and Sustainable Energy (the Global Platform) launched a mapping exercise of commercially available technologies and goods as well as those undergoing R&D (with a strong prospect of commercialization in a five-to 10-year time horizon) in three sectors: renewable energy supply, buildings, and transport. Once peer reviewed by Intergovernmental Panel on Climate Change lead experts, these mapping studies set the stage for customs classification and a subsequent detailed analysis of their market drivers, trade flows, and trade barriers. The mapping study for the renewable energy supply, residential and commercial buildings and transportation sectors were prepared by experts from the Energy Research Centre of the Netherlands ("ECN"), the Energy and Resources Institute (TERI), India and the Energy Research Institute (ERI), China respectively. These sectors have been identified by the Intergovernmental Panel on Climate Change ("IPCC") as one of the critical sectors for mitigation of greenhouse gas (GHG) emissions.
This paper synthesizes findings from these three mapping studies commissioned by the International Centre for Trade and Sustainable Development ("ICTSD") and also includes an overview of key policies and measures important for the uptake of some of the technologies identified in these mapping studies. It also includes some findings on international trade in many of the products associated with these technologies and the trading opportunities, particularly for developing countries.
The views expressed in this paper are those of the author and do not necessarily reflect the views of ICTSD or the funding institutions. The full version of the mapping studies as well as detailed analyses on international trade are available or will be made available shortly on www. ictsd.org.
Rene Vossenaar is from the Netherlands and presently lives in Brasilia, Brazil. He worked for the Economic Commission for Latin America and the Caribbean (ECLAC) and was also the Head of the Trade, Environment and Development Branch at the United Nations Conference on Trade and Development (UNCTAD). Since his retirement in March 2005, he has carried out work for UNCTAD and other institutions as an independent consultant as well as a resource person.
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The paper is part of a series of issue papers commissioned in the context of ICTSD's Global Platform. One of the objectives of the Platform is to provide options for identifying and liberalizing trade in climate-friendly environmental goods and services that effectively contribute to sound environmental management while preserving developing countries' ability to promote industry and economic development. We hope you will find this paper to be stimulating and informative reading and useful for your work.
Ricardo Meléndez-Ortiz Chief Executive, ICTSD and Transport Sectors: Policy Drivers and International Trade Aspects
The deployment of renewable energy (RE) technologies and the promotion of energy efficiency (EE) are of crucial importance for climate mitigation and provide opportunities for low-carbon growth, trade, and employment, including for developing countries. To support understanding of these opportunities, ICTSD has commissioned technology mapping studies of (a) the RE supply sector and of (b) climatefriendly technologies in two end-use sectors: residential and commercial buildings, and transport. 1 The mapping studies also identify products and, where relevant, components associated with these technologies, including goods that may be traded internationally. This provides a link for an analysis of market access conditions and market opportunities that may arise from the deployment of such technologies, especially for producers in developing countries.
The mapping studies illustrate the large potential for climate-change mitigation that can be achieved by deploying climate-friendly technologies in developed and developing countries. Additional sector-specific papers will complement the mapping studies in two ways: by analysing the factors that drive RE and EE technology deployment, and by analysing the policies and measures that help overcome barriers to EE improvements and RE generation. Market forces alone are insufficient to bring about a rapid deployment of RE and EE technologies. The deployment of RE and investment in EE are largely driven by regulations and incentives, including economic stimulus packages. The case is made that trade can help promote market transformation, but that trade liberalisation alone will have little impact. Therefore, integrated packages are needed to stimulate the successful deployment of RE and EE technologies in developing countries.
The next three sections summarize the key climate-friendly technologies that were identified in the mapping studies, according to each sector. Renewable energy supply is described in Section II, residential and commercial buildings in Section III, and transport in Section IV. Each of these sections analyses the primary factors that drive technology deployment. In addition, each section analyses the policies and measures that promote the wider use of climate-friendly technologies in developed and developing countries. Some international trade implications are then examined in Section V. The principal conclusions are presented in Section VI.
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The mapping study of renewable energy (RE) technologies was prepared for ICTSD by the Energy Research Centre (ECN) in the Netherlands. It identifies two broad categories of technologies. The first category is a set of technologies and goods that are available for commercial purchase and use. The second category is a range of technologies still in development, but for which a strong likelihood of commercial deployment is foreseen in the near-to-medium-term future (i.e. five to ten years). The RE technologies covered in the mapping study include: solar energy, wind energy, ocean energy, geothermal energy, hydropower, and biomass. The study breaks down these technologies into subcategories and identifies the main components used in each subcategory (See Annex, Tables A.1 and  A. 2).
The key characteristics of RE supply technologies and goods available on a commercial basis are shown below.
• Solar energy has three subcategories:
-Concentrating solar power (CSP), or "solar thermal power," has been around for about twenty-five years but has only recently gathered momentum. (Weiss et. al. 2009 ).
-Photovoltaic (PV) power is used for gridconnected systems and off-grid systems, the latter being used predominantly in developing countries. Photovoltaic power is based on PV modules, which include PV cells and the balance of system (BOS). The latter includes the inverter, battery, electronics, and other components. Photovoltaic power has been experiencing high growth rates in Europe (particularly in Germany and Spain), Japan, and the United States. As a consequence, costs are generally decreasing. China is a large producer of PV cells and modules, and other developing countries are also becoming significant producers.
• • With respect to ocean energy, tidal stream power and wave power technologies are entering the commercial stage. There are three tidal stream power technologies in research and development (R&D) and demonstration stages. At least four wavepower technologies are being developed and demonstrated with a medium-term outlook for commercial application.
• Geothermal energy has three main applications: power generation, direct heat, and ground-source heat pumps. Concepts relating to deep geothermal heat and small-scale applications are currently under development, with prospects for rapid commercialization. Direct use of heat for buildings and industry is a commercial technology, and ground-source heat pumps are experiencing fast growth and cost reduction. The countries with the largest installed capacity by the end of 2008 were, in descending order, the United States, the Philippines, Indonesia, Mexico, and Italy (REN21, 2009).
• Hydropower operates in three scales: large (>10 MW), small (1 to 10 MW), and micro (<1 MW). The countries with the greatest installed small hydropower capacity by the end of 2008 were, in descending order, China, Japan, the United States, Italy, and Brazil (REN21, 2009).
• Biomass (including traditional biomass) is currently the most important renewable energy source, at least in terms of primary energy supply on a global scale (Table 1) . There is much experience with commercial medium and large-scale biomass-based combustion systems to produce power, heat, and combined heat and power (CHP Also, in response to the financial crisis, the Chinese government has identified the development of wind energy as one of the key economic growth areas. In 2009, the newly installed capacity in China more than doubled, as happened in the four previous years (GWEC, 2010) . 6 The European offshore wind-energy market continued to show strong growth in 2009. 7 In the United States, the implementation of the American Recovery and Reinvestment Act (ARRA) with its strong focus on wind-energy development reversed the abovementioned downward development and recent data show that more new wind-energy capacity was added in 2009 than in 2008 (Table A.7) . The medium-and long-term prospects for the RE sector are therefore good. However, this positive outlook depends on government support and the question of whether RE will eventually become competitive vis-à-vis non-renewable sources of energy even in the absence of subsidies. Some long-term scenarios are discussed below.
Scenarios until 2030
The IEA estimates that RE (including both traditional and modern uses of biomass) accounted for 12.6 percent of the world's primary energy demand in 2007. 8 Hydropower and biomass represented the lion's share of RE. Other RE technologies (including wind, solar, geothermal, tide, and wave energy) accounted for only 0.6 per cent of primary energy demand in 2007 (IEA, 2009 From the perspective of the size of the markets created by RE technology deployment, it is more relevant to consider the added installed capacity in a given period. In the RS, all RE technologies combined account for almost 40 percent of the new installed energy-generating capacity in the period ending in 2030. Wind and solar energy account for 15 and 7 percent, respectively, of this increased capacity. The installation of new wind energy and solar energy capacity (504 and 235 GW respectively) will continue to create significant markets for RE technologies and associated components in the years ahead. These markets will be even larger if governments decide to implement new policies and measures beyond those already included in the RS. Developing countries account for approximately half of the total additional RE capacity, although they account for three-quarters of total energy-generating capacity. In solar energy and wind energy, developing countries account for around onethird of capacity additions.
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In the IEA 450 scenario, approximately onethird of additional energy-generating capacity through 2030 is in wind and solar energy (Table  3) .
12 Solar-energy capacity is projected to increase 19 percent per year to 502 GW in 2030 (adding 22 GW of capacity per year, on average). Wind-energy capacity additions of 1,129 GW in the period 2008-2030 result in a cumulative installed capacity of 1,225 GW by the end of 2030. This corresponds to an annual increase Renewable energy technologies and systems will only be widely deployed if they become cheaper than traditional forms of energy generation. Also necessary for wide deployment is the adoption of policies that support their uptake (IPCC, 2007) . Such policies are listed below.
• Economic instruments: These include such measures as GHG taxes, tradable emission permits, and fiscal incentives.
• Policy targets for RE: As of early 2009, policy targets for RE existed in at least 73 countries (RNE21, 2009).
• Renewable portfolio standards: These require electricity providers to obtain a minimum percentage of their power from renewable energy resources by a certain date. They exist in a relatively large number of countries, states (especially in the United States), and provinces (RNE21, 2009).
• Feed-in tariffs to encourage the deployment of RE technologies for electricity generation:
The system is implemented through government legislation that forces electricity utilities to buy electricity generated from renewable sources at above-market rates set by the government.
• Regulations: These might include building codes that make the installation of solar water heating (SWH) equipment in certain buildings mandatory.
• Quality standards and certification of manufacturers and service providers.
• Public and private funding.
• Support for Research and Development (R&D).
Many governments are providing support in the context of economic stimulus packages. This support has included subsidies for RE generation and manufacturing. For example, under section 48C of the American Recovery and Reinvestment Act (ARRA), tax credits can be provided to manufacturers who produce clean energy equipment. Qualifying manufactures of, for example, solar, wind, and geothermal energy equipment can receive a tax credit worth 30 percent of the investment. This manufacturing tax credit is capped at USD 2.3 billion, and credits are available for two years or until the cap is reached. (Goswami, Dasgupta and Nanda, 2009) . The same study also identifies technologies undergoing research and development.
RESIDENTIAL AND COMMERCIAL BUILDINGS
The TERI mapping study analyses technologies in several key areas (see also Table A. 3), as shown below.
• The building envelope: This includes a variety of commercially available insulation products (such as foamed plastic, fibreglass, rock wool, cellular concrete, and cellulose), and glazing technologies like tinted glasses.
• Heating, ventilation, and air conditioning (HVAC): Enhanced EE in HVAC and refrigeration makes an important contribution to energy savings. The TERI study describes specific, highly efficient technologies, such as condensing boilers, which are more energy efficient than most other central heating boilers. Ground-source (geothermal) heat pumps are among the most efficient cooling technologies available; they may also be used for heating. In the near future, micro-CHP (combined heat and power) units are expected to operate in the same manner as domestic central heating boilers. They will also deliver low-carbon electricity into the home and thus reduce the need to buy electricity. The drive toward higher EE creates demand for electronic control and other components that incorporate semiconductors. Such components might include variable-speed drives in air conditioners and control instruments (such as programmable thermostats) for air conditioning, refrigeration, or heating systems. The TERI study also covers certain household stoves, particularly wood-pellet burning stoves (for heating) and solar cooking stoves.
• Lighting: Very large energy savings are possible in residential and commercial settings when fully commercialized lighting technologies are deployed. For example, switching from incandescent lamps to lighting that uses light-emitting diodes (LED) is one of the cheapest and least capital-intensive GHG abatement options (McKinsey, 2009) . Efficient lighting systems include compact fluorescent lamps (CFLs), high-pressure sodium (HPS) lamps, and LED lamps. The TERI study also covers ballasts and control equipment, such as timescheduled switches, occupancy sensors, and daylight-responsive dimming systems.
• Active collection and transformation of solar energy in buildings: Buildings can serve as collectors and transformers of solar energy, meeting a large part of their energy needs
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on a sustainable basis (IPCC, 2007) . Solar energy technologies are discussed in detail in the mapping study on renewable energies (Lako, 2008) . Some of these technologies, however, are installed mainly on the rooftops of buildings and can be considered part of the buildings sector. These include solar PV power for electricity generation and solar water heating (SWH), usually for hot water preparation and space heating.
• Appliances: Consumer goods and electronics account for a significant share of energy use in residential and commercial buildings. Most of these products, in particular computers, are only loosely connected with the buildings sector, but are heavily traded internationally.
High energy prices generally stimulate demand for energy efficient products. However, because there are many obstacles to implementing EE improvements, many developed and developing countries have instigated regulatory requirements, such as minimum energy performance standards (MEPS) and energy labelling, in order to promote market transformation for HVAC, lighting, and appliances. Energy efficiency requirements in building codes and incentives for building renovations stimulate demand for insulation materials. 15 These requirements also encourage people to replace inefficient HVAC with more efficient models. Fiscal incentives and subsidies (including in the context of stimulus packages) also drive demand for certain energy-efficient products and those that use renewable energy. Examples of new products that have gained market share in recent years are condensing gas boilers and highly efficient heat pumps. Some governments seek to collaborate with energy suppliers in order to improve end-use EE. Feed-in tariffs provide households with an incentive to install smallscale renewable energy systems (for example, a residential PV panel) because the electricity generated can be sold to the utility at an above-market price.
It is suggested that developing countries need to strengthen or develop EE requirements in building codes; develop standards and guidelines for appliances and materials used in buildings (including lighting and insulation); promote energy audits to identify cost-effective opportunities to improve EE and reduce CO 2 emissions in buildings; establish standards for household electrical appliances; and provide consumer information about household products. In addition, removing obstacles to EE and RE will require these countries to strengthen local capacities (including better quality control); strengthen the capacities of small and medium-sized enterprises (SMEs); and develop or strengthen supply chains and distribution channels. Reaching the very large number of small and dispersed end-users represents a major challenge (Vossenaar and Jha, 2009 ).
TRANSPORT
The transport sector accounted for approximately 23 percent of global energy related CO 2 emissions in 2007. Road transport was responsible for 73 percent of the sector's CO 2 emissions, followed by aviation (11 percent), international shipping (9 percent), and other transport (7 percent) (IEA, 2009 ). This section focuses on technology options for road transport, which offers the largest potential for future CO 2 savings. According to the IEA, improving the fuel economy of light-duty vehicles (LDVs) is one of the most important and cost-effective mitigation measures in the transport sector (IEA, 2008a) .
Most of the future CO 2 savings in road transport, from a technology point of view, are likely to occur due to a combination of (a) more efficient petroleum-powered vehicles, (b) larger market penetration of alternative, low-carbon vehicles such as hybrid cars, 16 plug-in hybrids, electric cars, and (c) increased consumption of biofuels (IPCC, 2007; IEA, 2008a; and IEA, 2009 ). These three factors are analysed below.
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More efficient petroleum-powered vehicles
There are several ways to make petroleumpowered vehicles more efficient. Listed here are some of the options.
• Further improvements to gasoline and diesel internal-combustion engines (ICEs) are possible with advanced direct injection (DI). Other options include the use of more efficient powertrain options, such as using continuously variable transmissions (CVT), and six-speed or variable transmissions.
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• Non-engine technologies are available that improve auxiliary systems, such as lighting and air conditioning systems. It's also possible to use rolling-resistant tyres.
• The use of lightweight materials, such as high-strength steel (HSS) or aluminium, is also possible.
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Larger market penetration of low-carbon vehicles
The larger market penetration of electrically powered vehicles depends to a large extent on the availability of incentives and cost-effective components, especially for energy storage. , 2009 ). The IEA notes that the recent increased demand for biofuels is not expected to continue in the near-term because of concerns that biofuels will affect food prices by diverting crops from food to biofuels. There are also questions about the magnitude of the GHG emissions-savings associated with switching to biofuels and doubts about the environmental sustainability of certain biofuels. 21 However, in the RS, biofuels recover and meet 5 percent of total world road transport energy demand by 2030. Close to one-quarter of this increase comes from second-generation technologies (which may be deployed around 2020). In the 450 scenario, the share of world road-transport energy demand met by biofuels almost doubles. Second-generation technologies may be deployed by 2015 (See also Lako, 2008) .
Policies and measures include the following factors.
• Fuel-economy or CO 2 emissions standards:
These may be combined with long-term targets that set tighter standards to help manufacturers plan for the future and provide incentives for continuous improvements.
• Taxes and tax incentives: These may be differentiated on the basis of vehicle efficiency and/or CO 2 emissions.
• Penalties imposed on car manufacturers: Penalties can be imposed if the CO 2 emissions of a vehicle are above a certain limit.
• Tax credits and "feebates": These are a combination of fees and rebates, whereby fees on inefficient cars are used to fund rebates for more efficient cars, thus promoting the purchase of low-emission cars.
• Fuel-pricing.
• Fuel-efficient tyres.
• Labelling: Labels include information about EE and CO 2 emission performances.
• Car-scrapping.
• Blending mandates: This is done to increase the use of biofuels in road transport.
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In this context, governments in several countries provide tax credits and other incentives that cover several of the areas mentioned above, including manufacturing tax credits. For example, in the United States, under section 48C of the ARRA (see Section I above), tax credits can also be provided to companies that manufacture electric cars, batteries used in electric vehicles, fuel cells, and renewablefuel refining or blending technologies. (Table A.5) . 29 Although recent developments, in particular in the Spanish PV market, coupled with the economic crisis, led to declining global demand at the end of 2008, 30 long-term perspectives for the PV industry are generally good (see Section II).
SOME INTERNATIONAL TRADE ASPECTS
31
As suggested in the case of US wind energy, the correlation between RE installations and imports may weaken over time. This is possible because as countries add more installed capacity, domestic industry will develop more capacity to supply RE equipment and components.
32 Governments that play a key role in stimulating the take-off of RE capacity by providing incentives may seek to ensure
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ICTSD Programme on Trade and Environment maximum benefit for domestic industry and employment, especially when incentives are provided through stimulus packages. In addition, companies that operate at a global scale may prefer to supply RE equipment and components through subsidiaries or joint ventures, rather than as direct exports.
33 This would also allow them to benefit from incentives provided to local manufacturers. For example, subsidies provided under ARRA for the generation of windenergy and the manufacturing of components may have attracted foreign companies to set up production facilities to the United States.
Countries that have added wind-energy capacity, such as China and the United States, are also expanding exports of wind turbines and components. For example, the value of US exports of wind turbines showed a large increase in 2009 (although from a low base), reaching USD 117 million.
Investment in EE improvements may also create markets for new products 34 and become a driver of trade. An important issue in the area of EE is market transformation, i.e. the larger market participation of (relatively more) energy-efficient products, including in international trade. A study of the residential and commercial buildings sector carried out for the ICTSD found that the share of energyefficient lamps (CFL and HPS) in worldwide trade (including developing country imports) increased in [2002] [2003] [2004] [2005] [2006] [2007] [2008] . Meanwhile, the share of (generally inefficient) incandescent and tungsten halogen lamps has been decreasing (Vossenaar and Jha, 2009) . China is the world's largest exporter of CFL (Table A.11) and has played an important role in market transformation, 35 as have multilateral efforts to help developing countries set up certification mechanisms for high-quality products.
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A large share of the air conditioners, refrigeration equipment, and appliances imported into the EU (excluding intra-EU trade), the United States, and Japan come from a small number of developing countries. The most prominent of these exporters are China, Malaysia, the Republic of Korea, and Thailand. Producers in developing countries are often subsidiaries of transnational corporations or large contract manufacturers for companies in importing countries. These countries are also major suppliers to other developing countries. Exporters from these countries have already made efforts to comply with stringent EE requirements in their export markets, as well as with those of their own MEPS and EE programmes. As a result, they have the potential to contribute significantly to global market transformation.
International trade in electric cars and the batteries used in electric motor vehicles is still very small. The value of 2008 EU imports of electric vehicles 37 was only EUR 43 million, of which EUR 16 million was intra-EU trade (Table A.12 ). The value of world exports (excluding intra-EU trade) of batteries that are most likely to be used in electric cars 38 was USD 11.3 billion, with Japan, China and other Asian countries dominating the market (Table A. Some aggregated trade figures for the products and components that may be associated with the deployment of climate-friendly technologies in the three sectors covered by the mapping studies (renewable energy supply, buildings and road transport) are shown in Table A .14. These figures are obtained from COMTRADE statistics at the 6-digit HS level and must be interpreted very carefully. The trade values shown are much larger than actual trade in relevant products and components. First, most 6-digit HS codes include unrelated products. Second, in the case of components, total trade under the provisions of a particular 6-digit HS code is included, although only a small part, if any, may be related to the deployment of renewable energy technologies and products (see Jha, 2009 
Tariffs
In developed countries, MFN tariffs are very low. In many developing countries, MFN applied tariffs for products and components that may be associated with climate-friendly are more significant (See Figure 1) . 41 In China, MFN applied tariffs are mostly in the 8 to 12 percent range and the simple average is close to 10 percent. 42 In India, most MFN applied tariffs are either 7.5 or 10 percent, with a simple average of slightly above 8 percent. In Brazil, the simple average of MFN applied rates is around 13 percent. In South Africa, most tariffs are in the 0 to 15 percent range, with a simple average of around 5 per cent. Solar cells and panels (which are part of HS 854140) enter most markets (including China and India) duty-free. 43 As much as 99.5 percent of the world's solar panel imports in 2008 44 (in value terms and excluding intra-EU trade) enjoyed zero MFN applied rates. (For developing country importers alone this portion was 98.5 percent). However, in many developing countries MFN applied rates for solar water heaters (which are part of HS 841919) are rather high (for example, 20 percent in Brazil and 35 percent in China).
Import tariffs for wind turbines (HS 850231) are, in general, relatively low (5 percent or less in most countries). 45 The simple average of import tariffs is 3.8 percent and the tradeweighted (2008 imports) average is around 2 percent. The United States, by far the largest importer, applies an import duty of 1.3 percent. Applied rates in several developing countries are higher: 7.5 percent in India and 8 percent in China and the Republic of Korea. Some relatively important developing country importers of wind turbines have applied rates of 10 percent (e.g. Mexico and Chinese Taipei). Brazil recently increased its applied rate to 14 per cent. In most developing countries, applied rates for wind-energy components 46 are in the 5 to 10 percent range. (In Brazil, the rate for most components used in wind-energy is in the 14 to 16 percent range.)
In the case of building insulation products, the simple average applied rate for selected products 47 is between 5 and 8 percent (Vossenaar and Jha, 2009). Some countries (e.g. Belarus, China, India, Malaysia, Mexico, the Russian Federation, and South Africa) have applied rates of 10 percent or more.
In the transport sector, applied rates for electric vehicles (which are part of HS 8703.90) are generally the same as for petroleum-based vehicles (HS 870321-870333). Tariffs are quite high in most developing countries (the simple average applied rate in 25 developing countries is over 25 percent). Therefore, lowering tariffs on electric vehicles could, in principle, help to make electric cars more attractive vis-à-vis other vehicles. Lower tariffs on NiMH and Li-ion batteries (which are part of HS 8507.80) may also reduce the cost of electric cars. However, domestic taxes and incentives may be more efficient for promoting electric cars. In any case, other measures are needed to facilitate the market penetration of electric cars, such as the creation of an electric-charging infrastructure.
In the case of bio-ethanol, 48 It is sometimes suggested that tariff liberalisation could focus on products with predominantly single-environmental use with a view to minimising problems related to multipleuse products. Smaller developing countries which seek to promote the deployment of RE and EE technologies often do not have (or find it difficult to develop) the capacity to produce products and components across the supply chain. As a result, they may focus on liberalising imports of finished products (such as solar PV modules and wind turbines) with clear environmental benefits.
However, focusing liberalisation on finished products may affect tariff structures and, in some cases, result in negative effective rates of protection. For example, until recently, Brazil applied a zero import duty on imports of wind turbines, but a 14 to 16 percent rate on importable components (towers, blades, ball bearings, gear boxes, generators, and motor parts). In theory, this resulted in a negative effective rate of protection. In China and India, however, the tariff rates applied to wind turbines and components are roughly the same (around 8 and 7.5 percent, respectively, see table A.15).
Larger developing countries that are implementing policies to promote the deployment of RE technologies through ambitious targets, incentives, and regulations tend to attach high priority to developing strong domestic manufacturing capacities across the supply chain. For example, one important consideration in Brazil's recent decision to increase import tariffs on wind-turbines was to attract companies that operate globally to set up production facilities in Brazil (see also footnote 55). In India, one of the objectives of the Jawaharlal Nehru National Solar Mission is to transform India into a solar energy hub with a leadership role in low-cost, high quality solar manufacturing across the supply chain, including balance of system components.
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The above trend may have implications for tariff policies. Developing countries with a sufficiently large domestic market to develop cost-effective manufacturing capacities at different stages of the supply chain may be more interested in liberalising imports of certain intermediate products (such as solar cells, silicon ingots, gear boxes, and electronic control equipment). India's National Solar Mission, for example, recommends that concessions be made available in the area of import and excise duties on specific capital equipment, critical materials and components, and project imports.
Subsidies and other incentives
Analysis of the RE supply and buildings sectors show that many RE and EE technologies only take off with substantial government intervention, such as through regulations, incentives (in the form of tax credits and subsidies), and other forms of support measures, often backed up by targets. For example, feed-in tariffs and large support through stimulus packages have played a crucial role in the deployment of RE technologies for electricity generation.
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In some cases, subsidies and other incentives (which may be rapidly reduced or discontinued 53 ) may also contribute to erratic market developments, as is illustrated by the exponential growth (in 2008) and the subsequent contraction (in 2009) of Spanish and German imports of PV cells and modules. The Chinese and Indian PV industry may have been overly dependent on the European market, which is supported by government subsidies and feed-in tariffs. The reduction of these ICTSD Programme on Trade and Environment incentives, for example in Spain, contributed to a slowdown of imports and to over capacity, including in China and India. These countries are now adopting ambitious targets and introducing subsidies to strengthen the domestic market for PV cells and modules. India, for example, could "change from a production hub into one of the largest PV markets in the world" (SolarPlaza, 2010) .
Certain subsidies may be justified, particularly in the case of renewables, because economies of scale are necessary to decrease costs and to promote the broader deployment of technologies, including in developing countries.
However, subsidies should be phased out over time to stimulate technological progress and reduce costs. Developing countries have less capacity to provide subsidies that promote investment in RE generation. Where there is sufficient economic capacity to develop equipment associated with RE products and components, tariffs may play a role in attracting foreign direct investment and helping manufacturers to develop the capacity to participate cost-effectively in supply chains.
54 Some incentives and measures that benefit domestic equipment manufacturers, including localization requirements, may have trade-distorting effects.
CONCLUSIONS
The mapping studies carried out for ICTSD illustrate the large potential to reduce CO 2 emissions by using energy more efficiently. Also, emissions can be reduced by increasing the share of renewables in energy generation through the deployment of existing and proven technologies. Large increases in RE generating capacity (in particular of solar and wind energy which, among all renewables, may have the clearest and largest implications for international trade) and the drive toward EE improvements have been creating markets for climate-friendly technologies and their components. Despite some set-backs in the short run, such markets are expected to continue to grow long-term, especially as governments commit to more ambitious climate-mitigation policies. Although the share of renewables (excluding traditional biomass) in the global primary energy mix was only 7 percent in 2006, in the IEA 450 scenario, solar and wind energy capacity additions may account for approximately one third of total energy capacity additions from 2008 until 2030 (Table 3) .
A number of developing countries have made progress in improving EE and in increasing the share of renewables in their energy mix. Some have gained a competitive edge in the supply of climate-friendly technologies and their components. However, in many developing countries a number of non-technological and economic factors stand in the way of the deployment of RE technologies. These include insufficient technical knowledge and absorption capacity to produce these innovative technologies locally; insufficient market size to justify local production units; and insufficient purchasing power and financial resources to acquire the innovative products (Jha, 2009).
Trade liberalisation, or the reduction of tariff and non-tariff barriers, may make climatefriendly technologies and components cheaper and more easily available, particularly in developing countries. On the other hand, developing countries may need a certain level of tariff protection to build up local capacities, where economically viable, to supply goods and components associated with the deployment of RE and EE technologies, in particular if the scope for other support measures is limited. Tariffs may also play a role in attracting FDI. Moreover, trade liberalisation alone is unlikely to stimulate a significant uptake of EE and renewable energy technologies. As the experience of developed countries shows, the deployment of such technologies is largely driven by regulations and incentives. Therefore, trade liberalisation may be effective in promoting the uptake of RE and energy-efficient technologies in developing countries, only if it is implemented as part of an integrated national policy that includes targets, incentives and regulations. Such policy should be supported and enabled by sharing knowledge about technologies, financing, and capacity-building.
The analysis of the buildings and transport sectors indicates that negotiating trade liberalisation based on EE criteria may face significant conceptual and practical challenges. However, beyond the EGS negotiations, trade and FDI may contribute to market transformation through the diffusion of EE technologies.
Incentives are expected to continue to play an important role in promoting the deployment of RE technologies. Certain incentives and measures that benefit domestic equipment manufacturers, such as localization requirements and subsidies for the manufacturing of RE equipment and components, may have tradedistorting effects. Subsidies should not be implemented in a way that adversely affects developing countries that are attempting to develop national capacities in RE supply. Subsidy implementation also should not hinder suppliers in developing countries from participating in global supply chains.
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ENDNOTES
1
This note focuses on the use of technologies as a major determinant of energy use and/ or CO 2 emissions. Non-technological options (such as changes in behaviour) also play an important role in reducing energy use and CO 2 emissions, but are not analysed. IEA, 2008b) . In developing countries, the traditional use of biomass in general entails inefficient combustion, often combined with significant local and indoor air pollution, and an unsustainable use of biomass resources such as native vegetation (Lako, 2008) .
9
The RS assumes that governments make no changes to their existing policies and measures.
10
Annual growth rates presented in this note are compounded average annual growth rates.
11
In the case of hydropower, 80 per cent of new capacity is installed in developing countries.
12
The 450 scenario assumes that collective policy action is taken to limit the long-term concentration of GHG in the atmosphere to 450 parts per million of CO2-equivalent (ppm CO2-eq). The 450 scenario assumes a large-scale shift to renewables, which typically have and Transport Sectors: Policy Drivers and International Trade Aspects lower overall utilisation rates. Therefore, more capacity has to be added to meet the same electricity demand (IEA, 2009 (Stern, 2007) .
15
A recent survey (Janda, 2009) found that, in 2009, 61 countries (including twenty-seven developing countries and Kazakhstan) had some form of mandatory and/or voluntary energy standards for buildings, whereas eleven countries (including six developing countries) had proposed standards. In some cases, such standards covered only non-residential buildings.
16
Hybrid cars combine a fuel-driven power source, such as a conventional internal combustion engine with an electric drive train (electric motor/generator and a battery).
17
The technology mapping study prepared for ICTSD by the Energy Research Institute, China (Kejun, 2009), closely follows the IPCC analysis (see Table A .4).
18
In the United States, transmissions have become more efficient for two reasons. Table R12 .
23
The EGS negotiations may be relevant for the deployment of part of the climate-friendly technologies identified by the IPCC. Most of these technologies are in the area of RE, such as wind and solar energy (see also Wooders, 2009 ). However, EGS negotiations (in particular on tariffs) may have no discernable impact on several other technology options analysed in the mapping studies, e.g. those aimed at improving the fuel-efficiency of vehicles. Similarly, negotiating trade liberalisation based on EE criteria faces significant conceptual and practical challenges, in particular where tariff classifications do not allow to differentiate (relatively more) energy-efficient products from other products in the same category (e.g. appliances, a heavily-traded product group in the buildings sector). However, beyond the EGS negotiations, trade may contribute to market transformation through the diffusion of EE technologies.
24
In 2008, ten of the world's twenty largest PV power suppliers were from developing countries (six from China, three from Chinese Taipei and one from India). Their share in the market (held by the twenty largest suppliers) in terms of MW was 41 per cent (EDN, 2008) .
25
Assembling of imported intermediate goods may have played a relatively important role in the increase of Indian exports.
26
Three of the ten largest wind-turbine manufacturers are from developing countries (two from China and one from India) (Lako, 2008 (Table A.10) .
29
Spanish and German import demand also induced Indian PV cell and module manufacturers to increase export-oriented production capacity (SolarPlaza, 2010) . In 2008, Indian exports to Spain and Germany grew by a factor of five to more than USD 400 million, which was more than three-fourths of total Indian exports. (Solarbuzz, 2010) . There was strong growth in Germany, in part in anticipation of reductions in feed-in tariffs in 2010.
32
The growing wind power market in China has encouraged domestic production of wind turbines and components. In addition, the Chinese manufacturing industry is becoming increasingly mature, stretching over the whole supply chain (GWEC, 2008) .
33
The rapid growth of the US market has turned the United States into an important destination for FDI. Almost all leading European, Japanese, and Indian wind turbine producers operated production facilities in the United States or planned to begin operating there by 2010. China has experienced a similar, if smaller, recent boom of FDI in wind energy equipment manufacturing (Kirkegaard, Hanemann and Weischer, 2009 ).
34
One study (McKinsey, 2009b) estimates that the size of the global market for smart home solutions (technologies that intelligently regulate a household's or company's energy use by lowering the temperature or switching off the lights in a room that is not in use) is around EUR 400 million a year. The study argues that this market is still in its early stages because there are so few mature products and because potential customers are hesitant. Still the market could grow by a factor of five by 2020. 51 South Africa's government policy, which has set a target to install more than three million SWH systems over the next five years, is to develop local industry. Due to the lack of local production capacity, SWH must be imported in the short-to medium-term future (TudorJones, 2009).
52
The IEA, in its World Energy Outlook 2009 (Figure 4 .4), estimates that G20 stimulus packages committed in 2009 (for a total of USD 2.6 trillion) had a "low-carbon" or "green energy" component (covering green energy generation and EE) of USD 242 billion (this includes only additional commitments to stimulate investment, newly announced in 2009). Of this amount, USD 67 billion is to be invested in the buildings sector, USD 21 billion in vehicle efficiency and USD 20 billion in RE. Another USD 108 billion will be invested in rail transport (IEA, 2009 Goswami A, Dasgupta M and Nanda N (2009 
